The application of the ray-tracing technique in combination with the asymptotic method Uniform Theory of Diffraction (UTD) for an analysis of the electromagnetic (EM) wave propagation in urban areas is presented. The frequency of the study is in the X-frequency band from 8 to 12 GHz but can be applied for Ku-band and a three-dimensional model of the geometry is proposed. The transmitter and receiver can be separated to present both bistatic and monostatic configurations. At the end of the work, we evaluate the amplitude and the phase of the far field diffracted by urban scenarios.
INTRODUCTION
SAR (Synthetic Aperture Radar) imaging of urban areas has received much interest for many recent years with some promising studies [1] [2] . A major challenge is to give an accurate EM modeling to evaluate imaging algorithms. This paper presents a model to characterize the scattered field by an urban area for bistatic and monostatic radar configurations. For bistatic mode, two separated antennas will be performed the transmit and the receive functions (see Fig. 1 ). This model is validated in the frequency range 8-12 GHz (X-band), but can be applied in Ku-frequency band. The methodology to calculate the scattered field is based on the ray-tracing combined with the UTD. The model allows us to evaluate at any point the amplitude and the phase of the diffracted field by a group of buildings. The applications of this work are not only the mapping of an urban area but also the detection of moving targets in this environment. This general configuration is chosen in order to improve the radar capacity of detection and identification, and thus to increase the detection capability of a target [3] . To evaluate the best bistatic configuration, it is necessary, at the beginning, to develop a model to predict the diffracted field by an urban area. Many models have been proposed for the propagation prediction in urban medium [4] [5] . The aim of the present Fig. 1 . Configuration of the BiSAR mode paper is to assess the quality of a relation (i.e between the transmitter and the receiver) according to the main parameters of the urban environment (density of buildings, height of buildings . . . ).
THE MODEL
To develop a realistic example, we must on one hand define a canonical representation of an urban area similar to the reality and on the other hand an accurate EM model inserting all the main interactions involved in urban areas. Due to these two criteria, a model based on the compounding of ray-tracing and the UTD is proposed to determine the diffracted field by an urban area illuminated by a plane wave in the high frequency band (8-12 GHz).
Representation of an urban area
To build up an EM model inserting all the possible interactions between the incident wave and the elements in the observed zone, we chose a general representation of urban areas. Indeed, this representation is justified by considering that urban objects (buildings, cars . . . ) are always much more larger than the incident wavelengths (2.4-3.6 cm for X-band). Furthermore, the roughness of the ground is not taken into account because it is small compared to the inci- Fig. 2 . Representation of an L x ×L y urban area dent wavelength. The buildings and the streets are constituted by parallelepipeds placed at deterministic positions on a dielectric L x ×L y -side plane interface interpreting the interface air/ground (see Fig. 2 ). The permittivities of the buildings and the ground depend on the moisture and are defined by the real and imaginary parts of its complex relative permittivities b and r . In this study, they are set equal to those of concrete b = 7.3 − j * 0.36 for buildings and r = 28.5 − j * 12.8 for the soil. The relative permeabilities of buildings and the ground are equal to one.
Ray-tracing
A ray-tracing method is used to establish the geometrical path of the rays inside the illuminated scenarios. However, in order to integrate all the diffractions on the edges of the buildings, we should reduce the intervals between the rays and as a consequence increase the time of calculation. To avoid it, we have developped a hybrid ray-tracing method which can refine the mesh in order to include diffraction effects due to edges. This adaptive subdivision adjusts the distance between two adjacents rays to find the intersection with the edges (see Fig. 3 ). A pre-define criteria of diffraction is needed when we use this method [6] . Fig. 3 . For exemple, the hybrid ray-tracing method is used to find the intersections between a four-ray rectangular and a building edge after four times subdivisions
Calculation of the diffracted field
Considering a reflection at a point O, the reflected field at a point M (after the reflection) is obtained as a function of the transmitted field, reflection coefficients and propagation 
where R v , R h are the Fresnel vertical and horizontal reflection coefficients. In the case of a diffraction at a point O (intersection of a ray with a building edge), the formulation of the diffracted field at a point M (after the diffraction) is expressed by using the UTD [7] and given by
where D v , D h are the vertical and horizontal diffraction coefficients and A is the geometric divergence factor. Finally, the total field at a given point M (the receiver) will be obtained after some mechanisms of multiple reflections or one diffraction-reflection(s) or reflection(s)-one diffraction. For higher orders of diffraction, we consider that the signal is weak enough to be neglected.
RESULTS

Study on the height of the building
In this study, we want to know the effect of the height of the buildings on the received field. The transmitter is characterized by a 14m × 14m rectangular aperture and the incidence is θ i = 45
• and φ i = 45
• at a height of 500m while the receiver is a 1m × 1m square aperture moving on a half-sphere with the radius of 5000m (see Fig. 4 ). The transmitted electric field is vertically polarized and its amplitude of 1 V/m. Two buildings with the height of 10m and 25m are simulated separately (see Fig. 5 ). In both cases, we have the diffractions on the edges appearing • ). However, in the first case, we have also the reflections and diffractions on the roof while in the other case, these effects do not exist because the roof is not illuminated. Fig. 6 gives us the visualization of ray interactions between the incident wave and the buildings. The rays drawn in black sustain at least one diffraction (direct diffraction or diffraction-reflection(s) or reflection(s)-diffraction) while the blue ones are the pure multiple reflections. The power of the diffracted field in these two cases is presented in co-polar vV (see Fig. 7 ) and in crosspolar hV (see Fig. 8 ) in the same range from -120dBm to 50dBm. The transmitter is now presented by a 30m × 30m rectangular aperture and the incidence of the plane wave is θ i = 28
• and φ i = 70
• and is localized at a height of 500m. The receiver caracteristics are the same as previously (see Fig. 9 ). Fig. 10 presents the received power of the diffracted field for co-polar vV and cross-polar hV. It is obviously that the level of the diffracted field for cross-polar is lower than for co-polar. The main contributions come from the field due to multiple reflections and the level of the diffracted rays is where the field is stronger, this is due to reflections on the roofs, walls and ground. The maximum is found in the specular direction (θ r = 28
• and φ r = 250 • ). Beside that, the continuous parabolic curves are due to the direct diffractions by the roofs and wall edges while the discontinuous curves are due to the diffractions that are followed by multiple reflections which represent the interactions between buildings or building-ground.
In the next simulation, we considered a more complicated configuration including twelve buildings. Beside the four buildings simulated lately, we add eight more around the illuminated zone to see the effect of these buildings on the received field. The transmitter (angles, height, amplitude and polarization) and the receiver are the same as in the previous case (see Fig. 11 ). We can find that when the density of buildings is increased the effects of diffractions are more considerable (see Fig. 12 ).
CONCLUSION
We have defined an EM model to characterize the scattered field by an urban area in X-band. This field depends on the polarization of the incident wave, the geometry and the ma- With our model, the diffracted field by an urban area is obtained for a deterministic distribution of buildings. To obtain an average value of the diffracted field in a given direction, it should be calculated for several possible configurations and take the mean value. The applications are to evaluate the quality of the diffracted field according to the parameters of the urban environment and to study the attenuation of a wave propagation in this medium.
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